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• WP objectives 
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• WP results 
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Introduction 
In the framework  of EC FP7  Space 2012, 5th call 
• Activity area 9,2,2:  
  Strengthening the foundations of  Space  
  science and technology 
• Duration: 
  January 2013- January 2015 
• Status: 
  Consortium composed of  10 partners  
  German Aerospace Center (DLR) is  the   
  coordinator 
• Budget: 
  Total:  2,7 M€ 
  Including 1,9 M€ EU grant 
Partner Country 
German 
Aerospace 
center (DLR) 
Germany 
AIRBUS DS France 
AVIO Italia 
CIRA Italia 
FGE United Kingdom 
STR Scotland 
VKI Belgium 
AMORIM Portugal 
AIT Ostrich 
OGI Ostrich 
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Introduction 
10 partners (Group, SME, Institute, University…) from 8 European countries 
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General objectives 
Develop key technologies and capabilities for Europe 
to be active in space transportation and solar system 
exploration 
 
Focus on: 
  
• new ablative thermal shielding characterization and 
modeling 
 
• Improve characterization of the most powerful 
European long duration high enthalpy test facilities 
 
• Finally improving TPS reliability for high-energetic 
interplanetary or sample return mission by keeping 
down the modeling uncertainties 
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Project special features 
 Three advanced ablative materials are under investigation in the 
two European most powerful facilities 
 
• ASTERM (manufactured by AIRBUS DS): Rigid Carbon felt 
impregnated with phenolic resin   
 
 
 
• TPS3L (manufactured by AMORIM CC): Cork based material 
impregnated with phenolic resin and CF reinforced 
 
 
 
 
• SV2 (manufactured by AVIO): Silicon based material, filled with 
glass micro-spheres (operated on A5 and Vega launch vehicle) 
 
 
 
 
 
 
 
6th Ablation Workshop, Urbana Champaign, IL - April 10-11th 2014 7 
Project special features 
The material testing and innovative plasma diagnostic technics will 
be performed in the two of the most powerful facilities in Europe: 
 
• L3K/L2K at German Space center (DLR) : 6 MW segmented arc 
heated, heating the gas to total temperature between 4000 K and 
7000 K and Huels arc jet type 
 
 
 
 
 
• SCIROCCO at CIRA: 70 MW electrical power supply, total 
enthalpies up to 45 MJ/kg and total pressures up to 17 bar on 
large specimen 
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WBS 
The project is divided in 6 work-packages (management, material 
characterization, plasma diagnostic and instrumentations, plasma experiments, 
modelling …) 
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WP objectives 
• WP2: Material specification and characterization 
 - Define the thermo-mechanical loads based on system studies 
 - Define the elementary material characterization 
 - Define the plasma probe design 
 
• WP3: Advanced instrumentation and diagnostics 
 - Develop surface recession measurement technics 
 - Develop CARS (Coherent Anti-Stokes Raman Scattering) technics 
 for N2 thermometry 
 - Develop O-LIF (Oxygen Laser Induced Fluorescence) to detect 
 atomic oxygen in the plasma flow 
 - Develop DLAS (Diode Laser Absorption Spectroscopy) and    
 Emission Spectroscopy 
 
• WP4: Validation experiments 
 - Characterize the high enthalpy flow conditions 
 - Determine the material response under plasma conditions 
 
• WP5: Modelling 
 - Simulate plasma flow including up-to-date transport properties and 
 radiation modules 
 - Simulate material thermo-physical response, (GSI, internal flow) 
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WP logic and interactions 
 
WP5: Modelling activities are at 
the cross-road off the others 
WP (material characterization, 
advanced instrumentation, 
validation experiments) and 
reflect the strong expected 
outcomes of the project 
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WP2 results: Review of system requirements  
ASTERM: 
• Selection of an Earth sample return mission  
• Maximum integrated heat load trajectory at the 
stagnation point of  ERC  
     (EIP Velocity of12 km/s and FPA of 10.6° ) 
• Aeroshape:  
     45° sphere cone such as Hayabusa ERC 
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⇒ Pick total heat flux: 13 MW/m2 
⇒ Max stg pressure: 600 mbar 
⇒ Max integrated heat load: 300 MJ/m2 
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WP2 results: Review of system requirements  
TPS3L-SV2: 
• Selection of an interplanetary Mars entry mission   
•  Maximum integrated heat load trajectory on the    
 conical region the front shield  
      (EIP Velocity of 6km/s and FPA of 11.3° ) 
• Aeroshape:  
 70° sphere cone such as Mars Pathfinder  
 
 
 
 
 
 
 
⇒ Pick total heat flux: 1,2 MW/m2 
⇒ Max stg pressure: 85 mbar 
⇒ Max integrated heat load: 100 MJ/m2 
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WP2 results: Material elementary characterization plan  
Characterization plan of basic thermo-mechanical 
properties of the material includes 
 
• Thermal diffusivity of virgin/charred material 
• Specific enthalpy of virgin/charred material 
• Density as a function of temperature of 
virgin/charred material 
• Thermal expansion as a function of 
temperature 
• Thermo-gravimetric analysis at different 
heating rates, under different atmospheres 
• Elementary chemical composition 
• Chemical analysis of the pyrolysis gaseous 
products during decomposition 
• Surface micro-structure before/after plasma 
test 
• Structural morphology for porosity, tortuosity 
 
with statistical analysis at each step… 
Push rod dilatometer 
DSC + Laser Flash device 
Dynamic Scanning calorimeter 
LFA + microbalance +DSC 
CT laboratory 
6th Ablation Workshop, Urbana Champaign, IL - April 10-11th 2014 14 
Standardized size, reproducibility test number have been defined:  
 
 
 
 
 
 
 
 
 
 
 
 
 
Compatibility and placement in the raw material bloc is checked 
 
WP2 results: Material elementary characterization plan  
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First CT (Phoenix v|tome|x) have been performed on TPS3L and 
SV2 showing expected different microstructure  
 
 
 
 
 
 
 
 
 
WP2 results: Material CT 
Plastic container 
(straw) Resolution: 4 μm 
TPS 3L 
cyan = lower density material 
red = higher density material 
black = air 
SV2 
dark grey = lower density material 
light grey = higher density material 
black = air 
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WP3  results: Advanced flow diagnostic and instrumentation 
• Surface recession measurements: CCD High speed camera (150 Fps) 
 
 
 
 
 
• CARS (Coherent Anti-Stokes Raman Scattering) technics for N2 
thermometry (vibrational and/or rotational) and density 
 
 
 
 
 
 
• O-LIF (Oxygen-Laser induced fluorescence) technics for atomic O 
concentration  
 
 
 
 
New Laser improvements (pulse energy 
up to 180 mJ, pulse length reduced to 
10 ns, spectral width increased to 152 
cm-1) 
Laboratory experimental set-up ready 
for L3K facility 
 
Spectrum detection is not always possible, 
the plasma being opaque to VUV 
 
The TALIF (Two-Photon Absorption 
Laser Induced Fluorescence) 
spectroscopy is envisaged for 
SCIROCCO 
Calibration is performed using a rare 
gas such as Xenon 
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WP4  results: Plasma test plan/ probe design 
• A common probe design between L2/3K and SCIROCCO has been 
chosen  (flat cylinder with rounded edge, 50 mm diameter)  
 Each sample shall be instrumented with 4 TC type K 
 
 
 
 
 
 
• Adaptor interface (thermally protected) for SCIROCCO probe support was 
developed: 
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WP4  results: Plasma test matrix 
• A common plasma flow conditions between L3K and SCIROCCO at the probe level are 
identified for all the material family (for facilities cross-checking) 
 
• The plasma flow diagnostic technics constraints are taken into account 
⇒ Lowering the heat loads compared to the facility capabilities 
 
 
 
 
 
 
 
 
 
 
 
 
• Test durations are adapted to the material performance, with the aim to get valuable 
recession, temperature measurements (for post-test inspection)  
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WP5  results: Modelling 
Flow simulation: 
• Simulation of experimental facilities (L3K, SCIROCCO) for the 2 
and 10 MW/m2 configurations  
• Provide comparisons with the measured quantities 
• Understand main contributor to uncertainties in arc jet heat flux 
model (catalycity, chemistry, regime, blowing) 
 
• Simulation carried out with FGE code TINA (thermal and 
chemical non equilibrium Navier Stokes solver) comparable to 
LAURA  
 
 
 
 
 
 
L3K, 50 mm nozzle 
Turbulent Laminar 
L3K, 200 mm nozzle 
SCIROCCO nozzle 
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WP5  results: Modelling 
Flow simulation: 
• L3K and SCIROCCO heat flux profiles are compared: 
- Laminar Nozzle  
- Fully Catalytic Boundary 300K Wall 
- Very good agreement (within 2%) 
 
 
 
 
• Model uncertainties assessment: 
 
 
 
 
 
 
- Turbulence has a 18% effect on L3K stagnation heat flux 
- Temperature and catalycity have greatest effect 
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Internal flow simulation: 
• DSMC approach in dsmcFoam environment, 
extended to polyatomic gas species (increase 
vibrational mode) 
- Take into account exotic species of pyrolysis gas 
products 
- Internal flows are in rarefied regime for high speed 
return sample mission 
- Apparent medium permeability can be “measured”,  
as well the tortuosity effect 
- Preliminary test carried out with different “numerical 
synthetic “ material 
 
 
 
 
 
WP5  results: Modelling 
[1] J. Lachaud, I. Cozmuta and N.N. Mansour. Multiscale 
Approach to Ablation Modeling of Phenolic Impregnated 
Carbon Ablators, Journal of Spacecraft and Rockets, 47(6), 
2010. 
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Coupling strategy: 
• Full coupling of external flow – porous reactive material – internal 
flow code revealed too ambitious in this project 
 
⇒ Only “simplified” module could be exported 
⇒ Look-up table will be generated for each family of materials 
⇒ Look up table feed by stand-alone discipline or partially coupled 
codes 
 
 
 
 
 
WP5  results: Modelling 
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This collaborative research project  has received  funding from the European Union Seventh 
Framework Program (FP7 Space 2012) under grant agreement n°312987 
Conclusion and future 
• ABLAMOD is a typical R&D project 
 - Part of European Community Framework Program n°7 (FP7) 
 
• Objective to increase the TRL of  
 - Key technologies for space transportation and exploration 
 - Numerical simulation 
 
• Project is now on-track with 1rst plasma test campaign scheduled 
for June 
 
• Inter FP7 collaboration initiated with HYDRA project  
  
• Remaining steps  
- material fine characterization 
- plasma validation and testing campaign 
- tools development and coupling 
www.hydra-space.eu 
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Thank you for your attention 
This collaborative research project  has received  funding from the European Union Seventh 
Framework Program (FP7 Space 2012) under grant agreement n°312987 
